Spatial profiles of the plasma flow, electron temperature (T e ) and ion temperature (T i ) in the stochastic magnetic boundary layer of Large Helical Device (LHD) has been studied by simultaneous measurements using a movable multiple functions probe, which consists of Mach probes and an ion sensitive probe. The tendency of the measured spatial profiles of T e and T i is similar to the three-dimensional simulation. The results of ion saturation current (I sat ) measurement of the upstream and downstream probes indicate that the plasma flow direction is reversed in the stochastic magnetic boundary layer. I sat observations obtained deep inside of the boundary layer contradict the simulation result, even though the existence of flow reversal in the LHD stochastic magnetic boundary layer was qualitatively confirmed.
Introduction
Particle transport is an essential and general issue and of particular importance for the proper functioning of the edge and the divertor plasmas. Both plasma flow and ion temperature (T i ) are the key parameters for characterizing the transport in the boundary plasmas [1] . The stochastic magnetic boundary field line structure has attracted attention from the viewpoint of the Edge Localized Mode (ELM) control in some tokamaks. Though the stochastic magnetic boundary layer exists intrinsically in the scrape-off layer on the ergodic divertor configuration of tokamaks and heliotron-type devices, plasma flow properties and ion dynamics in the layer have not been understood well.
Numerical simulations regarding the edge transport in the Large Helical Device (LHD) boundary plasmas have been done by the three-dimensional plasma and neutral transport code, EMC3-EIRENE [2, 3] . The EMC3 code calculates a set of stationary standard fluid equations in a real 3D space of arbitrary magnetic field geometry using an advanced Monte-Carlo technique. Since the remnant island width in the stochastic magnetic boundary is of order of cm or even larger at the low field side which it is much larger than the ion Larmor radius, the plasma transport is expected to be affected by such the field line structure. The calculation result has predicted the change of the plasma flow direction in the LHD stochastic magnetic boundary [4, 5] .
So far, the alternating direction of plasma flow has been observed by using a multiple function probe in the edge of the stochastic magnetic boundary plasma [6] . In this paper, we show experimental results of plasma flow and temperature measurements using the probe in the deep stochastic boundary of LHD. Figure 1 shows a schematic of the multiple functions probe head designed for measuring the plasma flow, T i , electron temperature (T e ) and electron density (n e ) in the LHD stochastic magnetic boundary. The probe head consists of six single Langmuir probes and an ion sensitive probe (ISP) [7] . Pairs of probes on opposite sides of the probe head work as Mach probes. The probe tips were arranged at 60-degree intervals on the periphery of the 3 shielding Boron-Nitride (BN) tube, which is 10 mm in diameter, such as the Gundestrup probe [8] . The dimension of exposed area of each electrode is 1 mm in height and 1 mm in width. These electrodes are put 1 mm inside of the BN tube. Tungsten (W) rods were used for the probe electrodes. The ISP for T i and T e measurements is put on the top of the probe head.
Experimental setup
The concept of T i measurement using ISP is based on the difference of the Larmor radii between ions and electrons. Typical ISP consists of two cylindrical electrodes which are an ion collector (inner electrode, P) and an electron guard electrode (outer electrode, G). W rod and a molybdenum (Mo) tube were used for the inner and the outer electrodes of the ISP, respectively. The distance between the top surface of the ion collector and the upper end of G electrode is defined as h. Assuming the typical plasma parameters and magnetic field strength in the edge plasma in LHD, the h was set on 1.0 mm according to the theory developed by Katsumata [7] . The ion energy analysis can be performed by using the current-voltage (I-V) characteristics on P electrode. G electrode works as an ordinary Langmuir probe while playing the role of the fence for preventing electrons flowing into the ion collector. Note that ISP measurements basically have the same experimental limitation on plasma parameters as an ordinary Langmuir probe ones.
The Mach probes and the ISP work simultaneously. The multiple functions probe was installed on the top of the reciprocating type fast scanning Langmuir probe system [9] . It was inserted from the bottom port of LHD. Using this system, the probe head can reach the LHD stochastic magnetic boundary. Notice the incident angle of the magnetic field line to each probe is different as shown in Fig.1 (b) . The probes were numbered from #1 to #6. In spite of the angle changes during the movement of the probe head in LHD, the angle is almost 
Experimental results and discussion

Spatial Profiles of T e and T i
The measurements using the multiple functions probe in the stochastic magnetic shows the spatial profiles of T e and T i in the stochastic magnetic boundary layer. This behavior is also seen in the other pairs of probes as shown in hatched region of Fig.3 (a) and (c). These results are consistent with the geometrical structure of the probe head as shown in Fig.2 (b) . 
Spatial Profiles of Particle Flux
Conclusions
In this study, spatial profiles of the plasma flow, T i and T e in the stochastic magnetic boundary layer of LHD have been studied by simultaneous measurements using a movable 11 Figure 3 
